There are two principal rationales for doctoral training of African scientists in health: 1) these scientists are essential for the nations of sub-Saharan Africa to define and implement their own health priorities, and 2) the research they perform is essential for development. However, this training is difficult because of its expense (Ͼ $20,000 per year), because many developed country mentors are unaware of the realities of research in sub-Saharan Africa, and because major differences in salary provide a financial disincentive to return. We describe a training strategy that reduces attrition because it is linked to the investigators' responsibilities before and after training, and to home country priorities. This strategy requires a close relationship between the developing country (on-site) and developed country (off-site) mentors, with joint participation in the selection and funding process, followed by course work and short-term, independent projects off-site that lead to a thesis project in the developing country, and subsequently to a defined professional position in the developing country after completion of the doctoral degree. For this strategy to succeed, the developed country mentor must have both field experience and investigative expertise; the developing country mentor must have an understanding of modern biology, as well as clinical and epidemiologic experience. In addition, we would like to emphasize that the long-term retention of these talented, highly-trained individuals requires a similar long-term commitment by their developed country mentors, well beyond the short term of most research funding.
The training of scientists in the United States, Canada, and Europe is controversial because of uncertainty about the number of positions that will be available for them after they have completed their doctoral and postdoctoral educations. 1 However, the level of uncertainty about the training of scientists from developing countries is much greater because developing countries typically have a more limited scientific infrastructure and are dependent on international funding beyond their control. [2] [3] [4] Additional complicating factors include the limited financial resources available to support training and a substantial risk of attrition from working with developed country (off-site) mentors who have not worked overseas and do not understand the realities that developing country investigators must face when they return. 2, 5 Despite these obstacles, we believe that the training and retention of a cadre of doctoral level African health scientists is essential.
During the past six years, we have struggled with many obstacles to the doctoral training of health scientists from sub-Saharan Africa. As a result, we have developed a strategy that emphasizes long-term linkages between mentors onsite in the home country and off-site in a developed country. In this report, we describe that strategy, in the hope that our *Presented in part at a symposium for the Harkness Fellows of the Commonwealth Fund in New Orleans, LA, October 26-28, 1996 and at the International Congress on Malaria in Africa in Dakar, Senegal, January 6-9, 1997. Editor's footnote: This report addresses an important issue in the involvement of institutions and by individuals in developed countries in the pursuit of programs dedicated to the improvement of health conditions in the developing tropics. The training of scientists and other health experts who are prepared to return to their homes and work for the benefit of their countrymen is arguably one of the most important efforts western experts can make toward the long-term goal of better health for populations in third world countries. It is hoped that this effort by Dr. Doumbo and Dr. Krogstad will serve as a stimulus to other institutions. The American Journal of Tropical Medicine and Hygiene would look forward to the opportunity to review more reports dealing with tropical medicine training. experience will permit other investigators to make better use of the scarce resources available for such training.
TRAINING OF AFRICAN SCIENTISTS
Rationale. The principal rationale for doctoral training of scientists from developing countries is the importance of those scientists for national autonomy in health [2] [3] [4] [5] and for economic development. [6] [7] [8] As long as the number of doctoral level health scientists in developing nations is severely limited, the public health and scientific priorities of those nations will be driven (controlled) by international organizations and visiting consultants. 2, 3 Because the resources of developing countries are severely limited, their need to set priorities is a reality. However, sub-Saharan Africa will be able to define and implement its own health priorities only when each country has its own cadre of doctoral level scientists in health. Health research is also essential for development, and has for that reason been described as essential national health research. 8 Overview. When we began to work on graduate training for Mali, we focused on the need to pay the tuition and living expenses of trainees living off-site for 1-4 years. Now that those immediate financial problems have been solved for a limited number of trainees, we have focused increasingly on potential hazards in the selection process and on the need for continuing academic and personal support of doctoral trainees after their initial funding ( Table 1 ). The purpose of this training is to provide expertise in priority areas for the sponsoring institution in the home country, which holds a defined professional position for the trainee while he or she is off-site. Thus, it is more focused than most doctoral training because it is linked directly to subsequent employment and career opportunities.
Selection of candidates for doctoral training. Because the number of persons who can be supported for doctoral training is limited, selection is intensely competitive. In addition, there is often pressure to select candidates based on TABLE 1 Step-wise approach to the training and long-term retention of doctoral level scientists from sub-saharan Africa Pathway   TABLE 2  Short-term versus long-term training   Short-term, on-site training is more economical because it is: 1) Shorter (ϳ2-4 weeks), 2) In-country (on or near the study site), 3) Goal or project-driven.
Long-term, off-site training is more expensive because it is (has): 1) Longer (1-5 years), 2) Greater risk of attrition due to separation from family, 3) Longer-term goal (maturation of the trainee).
Limitations of short-term, on-site training include: 1) Minimal in-country influence on priorities and projects, 2) Risk of collapse at the end of the funding period.
Advantages of longer-term, off- per year for doctoral trainees in developed countries), and is complicated by the risk of attrition. 5 For these reasons, many international organizations now rely almost exclusively on short-term (1-4 week), project-related training on site to minimize their initial investment and potential losses. The obvious advantage of short-term training on-site is its lower cost. However, its disadvantage is that it does not develop a trained cadre capable of independently addressing future health needs. A less obvious disadvantage of short-term training on-site is that the priorities of international organizations are usually driven by visiting consultants from developed countries. 2 In contrast to short-term training on-site, doctoral training represents a lifelong investment that is not limited by visiting consultants or the relatively short duration (3-5 years) of most grant funding ( Table 2 ). In fact, a major reason for doctoral training is to produce truly independent investigators who can direct training on-site. For Mali, we have used a combination of short-and long-term training. In addition to the long-term doctoral training that is the focus of this report, we have used short-term (1-2 month) training in preparation for community-based studies supported by international agencies such as the World Health Organization (WHO), the United States Agency for International Development (USAID), and nongovernmental organizations. Based on this experience, we suggest a judicious mix of short-and long-term training as the most effective approach to the varied health training needs of developing nations.
Availability of funding for doctoral training. Although the developing nations of sub-Saharan Africa have the greatest interest in doctoral training for African scientists, most of the support available for doctoral training is controlled by international organizations (Table 3 ). In addition, as discussed above (Length and type of training), bilateral and multilateral international organizations frequently discourage doctoral training because of its cost.
However, unless additional finds become available, it may be impossible for each country to have even a few doctoral scientists in health. One potential alternative during the interim is for some developing countries to serve as regional training centers. For example, Mali has offered short-term (two week) training for African scientists in radioisotopic and molecular methods supported by the International Atomic Energy Agency, intermediate term (four month) training in the epidemiology of malaria and in methods for field research for African physicians supported by WHO, and longer term training of medical students from neighboring West African countries (Burkina Faso, Cameroon, Chad, Cote d'Ivoire, Gabon, Mauritania).
Initial course work off-site. The obvious problems for trainees from Francophone West Africa in the United States and most of Canada are the differences in language (from French to English), and social interactions (from more to less formal), combined with the stress of separation from home and family ( Table 4 ). Strategies that permit the student to make this transition more gradually include a preliminary short-term (3-6 month) visit overseas prior to enrollment as a full-time student. Despite the magnitude of these differences, the greatest problem for our trainees has been the change in teaching and examination style from a heavy reliance on memorization (often because few textbooks were available) to an emphasis on problem-solving, based on the assumption that the factual content of the lectures has been understood.
Short-term, independent projects. During the initial period of adjustment to doctoral training off-site, we have found it useful to 1) limit the student's course load to permit additional time for adjustment to cultural and educational differences, and 2) place trainees immediately with faculty mentors with whom they can develop short-term, independent projects potentially related to the ultimate topic of their thesis research. Note that this strategy requires that the faculty mentor be aware of and prepared for the trainee at the Return visits to the home country. However, even while working on field specimens, it has been common for beginning trainees to lose the connection between their laboratory work off-site and the subsequent application of those techniques on-site. For this reason, we have required an early return to the home country during the summer break after the first academic year. This strategy reduces attrition due to separation from family while simultaneously providing opportunities for trainees to 1) describe what they have learned by presenting a talk to their colleagues, 2) place what they have learned in the context of their home country, and 3) discuss potential thesis projects, and long-term plans with their home country mentors.
Development of a thesis project: roles of both mentors. One of the most important factors in the development and performance of a thesis project is the relationship between the off-site and on-site mentors. We have found it extremely helpful for the developed country (off-site) mentor to have field experience in Mali before working with Malian graduate students. When this has not been possible, experience in other developing countries has been helpful. Conversely, the developing country (on-site) mentor should be familiar with the academic environment and technical support available in the developed country. Both mentors must have ex-pertise in the area in which the student will train, and a common understanding of the facilities likely to be available when the trainee returns. Under these conditions, it is usually feasible to develop a thesis project with scientific rigor that addresses basic and applied health questions of international interest ( Table 5) .
Oral presentation and publication of the thesis results. To function independently, trainees must learn to present their results orally and publish them. Publication is also necessary to compete successfully for Re-entry Grants (see section on Return). Likewise, laboratory meetings are an integral part of this process. Because laboratory meetings onsite in the home country are often dominated by logistical problems, laboratory meetings off-site should be more informal opportunities for students to present their current work. We have found it invaluable to hold weekly laboratory meetings devoted to important obstacles in each student's dissertation project. All students participate in these discussions, which focus on unsolved problems. For this strategy to be effective, the off-site mentor must be willing to admit that there are problems he or she has not solved, and for which he or she does not have immediate solutions. In that context, these informal discussions can rapidly become invaluable opportunities for students to learn from one another, for the mentor to introduce relevant basic science concepts, and for the group as a whole to consider epidemiologic and laboratory strategies to address questions of public health significance in their home countries.
Successful return on-site with re-entry support. After receiving his or her degree, the trainee must return to a defined professional position at their home (sponsoring) institution to teach his or her colleagues what they have learned. This is a critical transition because the on-site mentor now views the trainee as a colleague who will help obtain resources for the group, although the equipment necessary to continue the trainee's studies may or may not be available. For these reasons, the modest amount of money available for re-entry grants is essential. Without this support for 1-3 years, there is a substantial risk of losing doctoral scientists after they have completed their training because they are unable to continue their work on-site in their home country. We have found that it is essential to insist that each student complete a series of studies sufficient for several publications before their return, so they will have a reasonable opportunity to compete for a re-entry grant.
Long-term retention. The most important factor beyond the control of trainees is political stability; long-term retention and scientific progress are virtually impossible in the face of civil strife. However, even trainees who obtain Reentry Grants must cope with offers from countries paying higher salaries and frustration from inadequate access to the literature. 9 In the foreseeable future, it is unlikely that developing countries in sub-Saharan Africa will be able to offer salaries competitive with those in more developed countries. Thus, insofar as possible, it is important to select trainees who are motivated by scientific and public health considerations, rather than by salary or administrative goals. Conversely, developed countries must recognize that scientists in developing countries have legitimate financial needs that must be met to ensure their long-term retention on-site: 1) access to quality education so their children can have opportunities similar to the opportunities that they received, and 2) support to continue collaboration with other colleagues and former mentors, and to attend meetings off-site. Modest income supplementation can be achieved by providing short-term consultancies relevant to the investigator's expertise in the home country and neighboring countries. A second critical issue poorly understood in most developed countries is the need for a long-term (often life-long) commitment by the developed country mentor. In countries such as the United States, this problem is exacerbated by the relatively short-term nature of most funding (usually three years, occasionally five, and rarely seven). Although several organizations provide long-term support for investigators working in developing countries, that support has generally been limited to expatriate citizens of the countries sponsoring those organizations. The development of similar funding mechanisms for the long-term support of investigators from developing countries is a critically important priority.
DISCUSSION

Essential elements of doctoral training for African scientists.
Based on our experience, the essential elements for successful doctoral training (Table 1) are 1) selection of talented individuals with solid records of accomplishment at their home institutions; 2) development of a training strategy based on expertise at the off-site (developed country) institution in a priority area for the home institution and mutual commitment of the on-site and off-site mentors; 3) joint application for funding to support the trainee for a minimum of three years, with a preliminary visit whenever possible to improve the student's English and their understanding of the off-site academic environment; 4) initial course work at the developed country institution in close collaboration with an advisor who has worked overseas, with the knowledge that a professional position is being held for the trainee at his or her home institution; 5) development of short-term, independent projects related to home country priorities at the offsite, developed country institution; 6) return visits to the home country, especially during the summer after the first academic year; 7) development of a thesis project with scientific rigor focusing on a priority health problem in the home country; 8) publication and presentation of the results of the thesis project, resulting in 9) successful application for re-entry funding; and 10) long-term retention in a defined professional position at the home institution. In addition to these specific suggestions, which should be broadly applicable, we have benefited from the maturity and commitment of students from Mali, most of whom obtained MD, PharmD, or MSc degrees 5-10 years before entering graduate training and spent the majority of those years in an academic environment with frequent foreign visitors and regular exposure to molecular techniques in the context of epidemiologic field studies.
Training of doctoral scientists from regions other than sub-Saharan Africa. We have emphasized the training of scientists from sub-Saharan Africa because that has been a major focus of our collaboration. However, based on experience with trainees from Latin America (Colombia, Honduras, Paraguay, Venezuela) and Southeast Asia (China, India, Indonesia, Malaysia), we believe that the strategy we have described also applies to scientists from developing countries in other regions of the world.
However, there are substantive differences in the resources available for training in sub-Saharan African versus Latin America or Southeast Asia. The most important difference is the greater availability of regional collaboration and support at other academic institutions in Latin America and Southeast Asia. Two examples of such quality institutions in former developing countries are the Institute Oswaldo Cruz in Brazil and Mahidol University in Thailand. Although the number of such institutions is increasing in sub-Saharan Africa (examples outside Mali include the University of Ibadan in Nigeria, the University of Dakar in Senegal, the University of Nairobi in Kenya, and several universities in the Republic of South Africa), most African academic and scientific institutions have sufficiently limited resources that it is financially difficult for them to train foreign nationals. Although training in South Africa is likely to increase, only limited opportunities are available for trainees from sub-Saharan Africa at the present time.
Colonialism and doctoral training. Because the principal rationales for doctoral training are independence and economic development, it is not surprising that most colonial governments trained few or no African scientists to the doctoral level. In contrast, committed individual European investigators have been important proponents of doctoral level training for African scientists. Herbert Gilles 10 and Lucco Luzzatto 11 made major contributions to the University of Ibadan. Similarly, Philippe Ranque 12 and Mario Coluzzi 13 have provided doctoral training for Malian scientists.
As individual investigators who do not have the authority to speak on behalf of our governments, we believe that the limited amount of support available for such training (almost exclusively through TDR) 14 is an important unsolved problem. We recommend that other organizations committed to science and health in sub-Saharan Africa ( [15] [16] [17] [18] also make doctoral and postdoctoral training of African scientists a priority. For example, the Wellcome Trust has recently implemented a program to support the training of scientists from developing countries. We cannot imagine a greater tribute to the wisdom of a donor than the life-long commitment of a developing country investigator to health on-site in sub-Saharan Africa.
Training of investigators from developed countries. Although this article focuses on doctoral training of scientists from sub-Saharan Africa, it would be incomplete if it failed to note that the most effective training is bidirectional. The decision to have a doctoral candidate from a developed country perform his or her thesis research in a developing country sends a message of mutual respect that reinforces the relationship between the mentors as scientific colleagues. Second, working together permits both groups of trainees to learn from each other and thus contribute to each other's research. Third, because most developed country investigators commit their careers to tropical medicine after a stimulating overseas experience early in their training, 5 this strategy also benefits countries such as the United States, which need to retain expertise in tropical medicine. 19 Interaction between mentors. As noted above, the most successful mentor-student relationships endure a lifetime. However, considerable time is also necessary to develop the level of understanding required for successful collaboration between mentors from developed and developing countries. We have found that 2-3 years are usually required to work effectively. When this is the case, most of the potential problems in training are minimized. As in the adjustment of individual students to training off-site, the most obvious differences in language and customs rarely cause serious problems. The issues that have required the greatest attention (and have posed the greatest difficulties) have been the competing, non-research priorities of the participating institutions and their impact on the collaboration. Conversely, collaborative field and laboratory work, preparation of manuscripts and grant proposals, and joint presentations at international meetings have an important positive impact, as they do in developed countries. One logical consequence (affirmation) of the maturing of these relationships is the development of reciprocal adjunct faculty appointments for each mentor at the other's institution.
Cultural understanding. Cultural factors clearly affect a population's view of disease. 20, 21 However, they also affect doctoral training. One of the clearest examples in our experience is the difference in the perspectives of persons from developing and developed countries on death. Premature death, among both children and adults, is an established fact of life in developing countries. Thus, newborn babies are often named after brothers or sisters who have died recently. Conversely, someone from a developed country such as the United States who expects every newborn baby to survive to adulthood, cannot imagine (or understand) reusing the name of a 3-4-year-old brother or sister who died recently for a newborn baby. The potential impact of such differences on training has been greatest when a close friend or relative of a trainee from a developed country has died suddenly when they were working off-site in a developing country. In that situation, the culturally driven, stoic acceptance of death by the trainee's colleagues in the developing country can be misinterpreted as a lack of compassion or concern. From such experiences, we have learned that the on-site mentor in the developing country must be prepared to counsel trainees from developed countries. Similarly, the developed country mentor must be prepared to counsel trainees from developing countries about a range of problems, including difficulty in finding suitable local housing, separation from family, and financial crises due to illness among relatives at home.
Parallels between training for tropical medicine and the inner city. The paradigm we have developed for doctoral training in tropical medicine (Table 1) may also be a useful model for domestic programs to address the needs of the inner cities in the United States. In both instances, there are major differences between the magnitude of the public health problems and the resources available to control them, which reflect the socioeconomic differences between the affected community and the off-site institution providing graduate training. Likewise, major barriers confront both groups of trainees when they move from the affected community to the off-site institution for formal training, and substantial financial disincentives discourage them from returning to the community after training.
Doctoral training of scientists from sub-Saharan Africa: the present situation. At present, the training of scientists from sub-Saharan Africa is limited first by inadequate financial resources, and second because few developed country investigators are able to sustain the personal commitment necessary to support developing country scientists over the long-term. Third, the off-site (developed country) mentor must often be able to convince his or her institution to modify its usual academic requirements for such trainees. For example, we require that doctoral trainees from developing countries take courses in epidemiology, biostatistics, and other aspects of public health that are not normally part of the PhD curriculum; we also insist that they learn to use programs for word processing, database management (including access to the GenBank Data Base), primer design, statistical analysis, slide preparation, and access to the current literature. (When trainees return, they bring their computer with them with the programs necessary to continue their work.) Fourth, the off-site institution should have faculty members with a broad variety of experiences (many of which are uncommon in developed countries) to prepare TABLE 6 Relevant faculty experience at the off-site academic institution 1) Field experience in the endemic area 2) Expertise in natural history studies 3) Insightful epidemiologic strategies 4) Relevant laboratory expertise 5) Cultural understanding 6) Creative approaches to teaching their trainees for the wide range of issues they must address on-site after returning from their doctoral training (Table 6) .
Specific recommendations. In conclusion, we recommend increased support for the training of scientists from sub-Saharan Africa. To accomplish this, we suggest the inclusion of a training component in all health research and public health projects in developing countries to provide increased funds for training, re-entry, and continued scientific activity. However, substantive improvement in the present situation will not be possible without support from other organizations in addition to WHO and TDR. Thus, our second and most important recommendation is that organizations such as ORSTOM, the Pasteur Network, USAID, and the Wellcome Trust, which have a proud history of commitment to health in sub-Saharan Africa, [15] [16] [17] [18] devote an identifiable fraction of their resources to this goal. In addition, developed country funding agencies should provide career support for developed country mentors committed to the training of investigators from developing countries, recognizing that the time frame of this commitment must be greater than the conventional 3-5-year funding period.
